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Fig. 1. (a) Schematic of a dual-gate point contact SET. (b) Scanning electron
micrograph of a point-contact SET (Device 1) fabricated in a nanocrystalline
silicon thin film.
is a 30 30 40 nm region between larger source and drain
regions, with two in-plane gates on either side. The gates are
100 nm away from the point-contact centre. Device 1 is oxi-
dised in dry gas at 750 for 1 h and then annealed in Ar
gas at 1000 for 5 m. The process tends to oxidise selectively
the GBs into silicon suboxide, increasing the GB tunnel barrier
energy and resistance and improving electron confinement on
the grains [5], [8]. Selective oxidation of the GBs depends on
the ratio of the rate of oxidation of the amorphous Si GBs to the
rate of oxidation of the crystalline Si grains. At temperatures
or lower, there is greater oxygen diffusion into the
lower density amorphous Si GBs, improving this ratio. Longer
oxidation times diffuse more oxygen atoms into the GBs.
III. EXPERIMENTAL CHARACTERISTICS OF
POINT-CONTACT SETs
Fig. 2(a) shows the drain-source current at 4.2 K versus
the voltage applied to gate 1 for Device 1. The drain-
source voltage and voltage on gate 2,
V.Single-electronconductanceoscillationsareobservedin
with a set of large peaks and finer superimposed peaks. The
former may be associated with a dominant charging grain. The
fine peaks imply additional energy levels for tunnelling, which
may be associated with other grains or with defect states [3].
Qualitativelysimilarbehaviorisobservedif isheldconstant
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Fig. 2. (a) The source-drain current, I , versus gate 1 voltage, V ,
characteristic. The source drain voltage, V =6 m V , and gate 2 voltage,
V =0V . The inset shows the I ￿V characteristic at V = V =0V .
(b) I versus V and V characteristics at V =6m Vand at 4.2 K.
and is swept. The inset shows the corresponding
characteristics at V, where the Coulomb gap
is 30 mV. Fig. 2(b) shows a three-dimensional (3-D) plot of
as a function of and for Device 1 at 4.2 K and
mV. The corresponding grey scale image is shown
inFig.3(a).Thecharacteristicisobtainedbysweeping from
1 V to 1 V in 5 mV steps and incrementing from 1V
to 0.03 V in 10 mV steps. Sweeping both and shifts
the oscillation peaks linearly, leading to the dark lines in the
plots [marked additionally by white dashed lines in Fig. 3(a)].
There are bistable regions where the oscillations overlap and
switch from one line to another, e.g. within the circles labeled
“a” and “b” [Fig. 2(b)]. The gradient of the lines is 2 and the274 IEEE TRANSACTIONS ON NANOTECHNOLOGY, VOL. 2, NO. 4, DECEMBER 2003
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Fig. 4. (a) Circuits for Monte Carlo simulation. Circuit “A” does not include
tunnel junction t4 and circuit “B” is the full circuit, including tunnel junction
t4. C =C =0 :7a F , C =C =0 :3a F , C =0 :5a F , C =0 :2a F ,
C =0 :5aF, C =0 :3aF, R =R = 500k￿,and R =R =1M ￿ .
(b) Simulated I versus V and V Coulomb oscillation characteristics for
C =1 a F . Main figure characteristics are from circuit “A.” Solid lines:
Coulomb oscillation peaks (maximum current 3 nA). Scatter points: boundaries
for regions of stable electron number on QD2. Left inset: I versus V and
V for Circuit “B” with C =1a F . Dark lines (maximum current 3 nA) are
Coulomb oscillations peaks from QD1. Grey lines (maximum current 0.9 nA)
are Coulomb oscillation peaks from QD2. Right inset: variation in electron
numbers n1, n2 as a function of V ,a tV = ￿0:59V.
changes near the peak line, the change in n2 electrostatically bi-
ases QD1 and causes a switch in the peak line position.
In circuit “A,” peak oscillations cannot arise from QD2 as
there is no conduction from source to drain through QD2. We
simulate the effect of conduction via QD2 using circuit “B” by
adding tunnel junction t4, forming a more general circuit [16].
Fig. 4(b), left inset, shows the simulated versus ,
characteristics of circuit “B.” This forms a hexagonal pattern in
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Fig. 5. Simulated I versus V and V Coulomb oscillation characteristics
using circuit “A,” with C =0 :7a F , C =0 :5a F , t2 = t1 (0.7 aF,
500 k￿), and t3 (0.3 aF, 1000 k￿). (a) Dependence of characteristics on C for
nonzerocrosscapacitances,C =0 :2aFandC =0 :3aF.(b)Dependence
ofcharacteristicsonC forzerocrosscapacitances.(c)Switchwidth￿V asa
function of the normalized capacitance C =C for threevalues of C , 0.5 aF,
1 aF, 1.5 aF.
a manner similar to observations in parallel conducting QDs
[12], [13] and oscillation peak lines associated with conduction
through both QDs are seen. However, we observe strong peak
line overlaps, different from previous work. We will associate
these with the cross capacitances in our circuit.
Fig. 5(a) shows the effect of the coupling capacitance ,o n
the versus , characteristics of circuit “A”, with cross
capacitances, and . The switch
width and overlap length ‘ ’ increase as increases
from 0.1 aF to 20 aF. For small , there is minimal
switching and overlap and the QDs are nearly isolated. As
increases to 20 aF, and ‘ ’ increase to an extent that the
peaklinesjoinandoccurataperiodwhichisapproximatelyhalf
of the period associated with only QD1. In this high coupling
regime, the two QDs act as a single large QD and the electron
number on both QDs changes simultaneously. However, if we
remove the cross capacitances, [Fig. 5(b)],
there is no peak line overlap and increasing the coupling only